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ABSTRACT
This project was conducted to meet two primary objectives.
The first objective was to compile data on radon in water in
North Carolina from studies conducted by the United States
Environmental Prdtection Agency, the North Carolina Division
of Radiation Protection and the University of North Carolina
at Chapel Hill.  The second objective was to compare radon
in water sampling methods using a laboratory study and small
scale field study to evaluate the feasibility of a statewide
sampling program.  The effect of mailing the samples was
also evaluated as part of this feasibility study.  Radon
levels in North Carolina groundwater supplies range from
near zero picoCuries per liter to above 55,000 picoCuries
per liter.  The lower levels were generally found in
supplies from the Coastal Plain.  The higher levels tended
to be found in the western part of the state or associated
with certain geologic features in the Piedmont.
The laboratory study indicated that standard syringe method
and non-syringe method sampling methods did not produce
statistically different results, whether the samples were
mailed or not mailed.  The field study basically produced
similar results, though sample handling may have produced
differences in results between mailed and non-mailed
samples.  Further development of a statewide program for
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C-14 - Carbon 14'
DRP - Division of Radiation Protection (North Carolina)
EPA - Environmental Protection Agency (United states)
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MCL - Maximum Contaminant Level
pCi/1 - picoCuries of activity per liter of water
Ra-226 - Radium 226
Rn-222 - Radon 222
Tri-Carb - Packard Tri-Carb 300 Liquid Scintillation Counter




A = radon concentration in water in pCi/1
B = background count rate in cpm
C  =  net count rate in cpm
cpm = counts per minute
CF = calibration factor in rSf
d = difference of concentration difference and D
D = difference between concentration means of samples of
different types
D = mean value of concentration difference between data
sample averages
e = natural exponent = 2.718
exp(a) = natural exponent to power a
N = number of samples
S = S, = standard deviation of differences between data
points
t = t = test statistic known as Student's t used for small
sample sets
T = elapsed time from sample collection to midpoint of
counting interval
V = sample volume in ml liters
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INTRODUCTION
There are two ptimary goals of the technical project
described in this paper.  First, data from recent studies of
radon in North Carolina groundwater are compiled and
summarized.  A number of studies have been undertaken (e.g.
Sasser & Watson, 1977 and Ladrach, 1987) to monitor the
concentration of radon in many of North Carolina's
groundwater supplies.  North Carolina consists of the
Piedmont, Mountain and Coastal Plain regions and the geology
in these regions produces a wide variation of radon
concentrations in groundwater.  These concentrations have
been observed to be as high as 55,870 picoCuries per liter
(pCi/1) (DRP, 1975).  Studies have also been conducted to
correlate radon levels in groundwater with geology (Loomis,
1986).
In addition, this research project was designed to evaluate
the feasibility of a statewide radon in water sampling
program.  The statewide program was presumed to involve
sample collection by introducing the sample into a small
vial of liquid scintillation fluid and mailing the sample to
a central site for analysis.  Therefore, two methods of
sample collection were compared, i.e. using a syringe and
without a syringe.  The effect of mailing the samples and of
storing them were also compared in this study.
In the present project, data from three relatively large
studies will be iSummarized along with data from a smaller
follow-up study.  The first study was conducted in 1975 by
the North Carolina Radiation Protection Section.  The
persons conducting the study were Lester Aldrich, Marion
Sasser and Daniel Connors.  A total of 211 groundwater
samples were collected in this study (DRP, 1975).
The second study was conducted by the United States
Environmental Protection Agency (EPA) in 1981 (EPA, 1981).
Samples were collected from approximately 204 sites, most of
which were small groundwater supplies, and the remainder
were surface water supplies.  The results from these surface
water supplies are included in data listed in Appendix 1 and
Appendix 2.  In the third study, sampling results of 123
samples from groundwater supplies and some test wells in the
State were published (Ladrach, 1987).  The fourth source
used in this review was a follow-up to the 1975 study
conducted by the Radiation Protection Section, in which this
author sampled eleven wells which had been found to have
concentrations greater than 10,000 pCi/1 of radon.  An
analysis of the data assembled in these studies will be
presented.  The upcoming release of final Maximum
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Contaminant Levels (MCL's) by the EPA for radon in water may
increase the need for a compilation of radon in water
results.  This Maximum Contaminant Level of 300 pCi/1 (EPA,
1991) will conceivably be a compliance standard for
groundwater supplies.  More than 50% of the sample results
in the previous 'studies were above this level.  Because
large numbers of North Carolina groundwater supplies would
presumably need to be sampled, it is important to establish
which sampling methods should be used for compliance
determinations.
The last part of the report is concerned with comparing two
important methods used to collect water samples for radon
analyses.  One method utilizes a funnel and syringe to
collect the sample.  Water from the well fills the funnel
and the syringe draws out the sample.  The sample is
injected using the syringe into a vial of scintillation
fluid (EPA-EERF-78).
The other method allows water containing radon to be gently
introduced into the vial from the tap.  The second method is
under evaluation to allow for easy sample collection in a
statewide monitoring program.  A comparison of the two
methods is presented at the end of this paper.  This
comparison includes a statistical test conducted on the
results of twelve sets of radon in water measurements
carried out at the University of North Carolina Radiological
Hygiene Laboratory. _
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COMPIIATION OF DATA FROM LITERATURE SEARCH
The radon in water data on the following pages were
assembled from three sources.  They are the studies
conducted by the North Carolina Division of Radiation
Protection (DRP), the U.S. Environmental Protection Agency
(EPA) and the University of North Carolina at Chapel Hill
(UNC-CH).
The study by the Division of Radiation Protection conducted
by Aldrich, Sasser and Connors involved a total of 211 sites
throughout the State.  These were selected partially on the
basis of elevated gross alpha and Radium-226 (Ra-226) levels
in the water.  For this reason, this study could not
necessarily be considered a randomized, statistically
representative study.  The water samples collected during
the study were analyzed for radon using Lucas cells and a
photomultiplier tube counting system.  With this apparatus,
a Lucas cell is evacuated using a vacuum pump and radon is
introduced into the cell by bubbling the gas out of a
groundwater sample.  Since the inside of the Lucas cell is
coated with zinc sulfide, the alpha particles striking the
walls of the cell produce light.  These events are counted
by a photomultiplier tube and sealer/counter.  The system
may be calibrated by  counting a known concentration of
radon in the individual Lucas cells to determine their
counting efficiency.  The cells may then be used to count
unknown samples since the net count rate may be identified
with a concentration of radon.
In the 1975 study conducted by DRP, the sample sites were,
for the most part, small water supplies such as those at
trailer parks, water associations, etc.  There were also
some town water supplies that served a relatively small
number of users.  The highest levels of radon in water found
in the study occurred in Cleveland County.  These levels
were 46,644 and 55,870 pCi/1, and they occurred at the
Grover Water Supply and Castlewood MHP supply respectively.
In 1986 a follow-up study was conducted by this author for
the DRP.  The highest concentrations measured in that
follow-up study also occurred in Cleveland County.  Levels
of radon in water above 10,000 pCi/1 were also found in
water supplies at Bunn in Franklin County and in Warren
County.  There were a number of sites having levels between
10,000 and 15,000 pCi/1 of radon such as the 1-40 Rest Stops
in Haywood County, the McEntire Trailer Park in McDowell
County and others.  The 1975 and 1986 studies disclosed that
significant levels of radon exist in a number of the
groundwater supplies in North Carolina that were sampled.
However, because the samples collected in the 1986 study
were a repeat of measurements in the 1975 study, they would
not be statistically representative of statewide radon
levels.
In 1981, the EPA' conducted a nationwide study of radon in
water in which samples were collected in each state using a
standard method.  This method used a funnel and syringe to
sample the radon bearing water.  The funnel was connected to
a spigot by means of a hose with a threaded coupling.  This
coupling screwed on to a faucet near the well head, water
would fill the funnel and a syringe would be used to draw
out a sample.  In this study, 22 surface water supplies were
sampled as well as groundwater supplies.  The highest level
of radon detected in this study was also at Bunn in Franklin
County (10,510 pCi/1).  In addition, groundwater from Lake
Lure in Rutherford County was identified with levels above
10,000 pCi/1.  Elevated levels of radon were found
throughout the state, with 7454 pCi/1 detected in
groundwater from Rolesville in Wake County.  Higher levels
appear to be associated with geological structures such as
the granite bearing rock found in the mountain regions of
North Carolina.  These areas also exist in the Piedmont in
the Rolesville pluton extending into Wake County.  Sampling
sites were selected based only on the number of people
served by the water supply.  (NCDRP, 1981).
In the EPA study, the lowest levels generally appear in the
surface water supplies.  Surface water supply aeration can
occur by various means that reduce the radon concentration.
However, there were some important differences in the DRP
and EPA studies in the type of supplies sampled and sampling
methods.  The EPA study utilized liquid scintillation in its
analysis technique, rather than emanation with Lucas cells.
Both of the DRP studies in 1975 and 1986 utilized bubblers
for sample collection.  Analysis was by emanation in both
studies.
In 1987, Kenneth Ladrach of UNC-CH conducted a study of
radon in groundwater in North Carolina.  Samples were
collected from 123 sites in North Carolina.  The sites were
made up of various types of wells.  Some were actual public
water supplies, while others were monitoring wells.
Finally, there were a number of samples taken from school
supplies or parks.  The highest level of radon in water was
found in Franklin County at 25,602 pCi/1.  However, levels
of radon significantly above 10,000 pCi/1 were found at
Ruffin in Rockingham County and in Wake County at two wells
in the Green Pines Subdivision.  Analyses were carried out
using both the liquid scintillation method and the emanation
method.  Results using the emanation method are presented
here.
The data from all of these studies are summarized in tabular
form by county in Appendix 1.  The data for each study is
presented in Appendix 2.  These tabulations can assist the
reader to identify areas having radon in water county by
county.  Maximvun radon levels by county are shown on the map
in Figure 1.  Me^n levels of radon in water for each county
are presented in Table 1 and on the map in Figure 2.  A note
of caution is in order here.
In preparing this report, it became very evident that many
of the water supplies identified in the listed studies have
changed their names or designations.  Some are probably not
in operation and some have probably altered their water
treatment methods.   Listing in this report does not
indicate in any way that the water supply necessarily has
high levels of radon at this time.
The reader should also note that these average
concentrations were calculated using data from two DRP
studies which were not set up to be randomized or
statistically weighted.  These averages do not include
results from the surface water supplies included in
Appendices 1 and 2.  In short, the averages found in Table 1
may not be strictly representative of radon in groundwater
levels as they exist today.  These averages can point out
which counties may have higher levels and should be sampled
further.
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Alamance 413 6 Chowan 60 2
Alexander 1690 3 Clay 3342 1
Alleghany 1406 2 Cleveland 27475 7
Anson 1520 3 Columbus 48 8
Ashe 756 3 Craven 88 2
Avery 1752 6 Cumberland 630 20
Beaufort 72 2 Currituck 136 2
Bertie 139 5 Dare 61 4
Bladen 84 7 Davidson 1616 2
Brunswick 300 6 Davie 758 3
Buncombe 2430 4 Duplin 66 7
Burke 1630 3 Durham 990 19
Cabarrus 828 1 Edgecombe 3609 5
Caldwell 654 1 Forsyth 2404 9
Camden 184 1 Franklin 15086 5
Carteret 121 8 Gaston 40 4
Caswell 865 1 Gates
--- 0
Catawba 1901 13 Graham 2335 1
Chatham 1192 10 Granville
--- 0
Cherokee 1085 3 Greene 206 3
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Guilford 2190 8 Mitchell 1629 1
Halifax 896 5 Montgomery --- 0
Harnett
ͣ3^
0 Moore 234 6
Haywood 9071 2 Nash 1776 10
Henderson 8084 3 New Hanover 49 8
Hertford 241 2 Northampton 558 8
Hoke 1483 2 0nslow 197 5
Hyde 8 1 Orange 1118 8
Iredell 2224 9 Pamlico 40 8
Jackson 559 3 Pasquotank 27 3
Johnston 2818 14 Fender 29 1
Jones 132 1 Perquimans 121 2
Lee --- 0 Person
--- 2
Lenoir 65 7 Pitt 89 5
Lincoln --- 0 Polk --- 0
Macon 920 3 Randolph 278 4
Madison --- 0 Richmond
--- 0
Martin 162 3 Robeson 54 9
McDowell 11628 2 Rockingham 4126 12
Mecklenburg 1903 14 Rowan 1425 10
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Compiling the data for this study was accomplished in
several ways.  First, the actual published reports were
consulted for the data.  Many of the sites identified in the
reports were not readily assignable to a county.  At this
point, the research notebooks or sampling records were
consulted to allow the sites to be assigned to a county.
This method was especially helpful for the UNC-CH study and
the 1975 and 1986 DRP studies.  The sample records for the
EPA study were not easy to access.  However, since the
samples were collected by city, assignment to a county was
not difficult.  The assembled records were then typed into a
database on a personal computer using the program dBase
III+.  The database was then assembled into a delimited
ASCII file and imported into a Harvard GeoGraphics map file.
This allowed the maps of radon in North Carolina to be
generated as presented in Figures 1 and 2.
In summary, the picture that emerges of radon levels in
water in North Carolina is a well defined one.  The higher
concentrations, those above 10,000 pCi/1, occur in well
known areas.  These areas in Wake, Rockingham, Franklin and
other counties probably are associated with geological
formations of granitic rock.  These areas tend to be more
frequent as one moves westward through the State.  On the
other hand, the coastal plain is the site of much lower
14
levels of radon in water.  Future studies for compliance or
research have a basic foundation of sampling data. More can
profitably be done, however, since the DRP studies cited
thus far are not randomized or statistically weighted.
There may not be a completely representative set of county
averages from th6se studies.
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PROTOCOL FOR lABORATORY COMPARISON OF SAMPLING METHODS
This portion of the project consisted of sampling radon in
water in the laboratory to compare sampling methods.  This
was done by sampling 12 different concentrations of radon in
water by syringe and non-syringe sampling methods.  Half of
the samples collected using each method were mailed and half
were non-mailed.  All of the samples were then counted
together.  A large 25 liter (1) polypropylene carboy was
used as a radon in water source.  This was done by filling
the carboy with tap water from the laboratory.  A radium bar
with a gas permeable ceramic coating was then suspended
inside the vessel and the vessel was sealed.  The radium bar
had an activity of 1.5 microCuries (yCi).  A time period of
10 to 15 days was sufficient for the radon in water levels
to build up to a maximum of 1081 pCi/1.  When the apparatus
was first set up, radon was allowed to build up for about
one month prior to sampling.  The vessel had to be re-opened
due to a failure of the fabric net bag from which the source
was suspended.  Pieces of the bag blocked the carboy valve
making sampling difficult.  The fabric bag was replaced with
16AWG type wire with a plastic holder for the radium bar.
This allowed sampling to continue as planned.
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Each sampling run began by filling twelve 20 milliliter (ml)
capacity vials with 10 ml of scintillation fluid.  Six of
these vials were filled with 10 ml of water collected with a
syringe and six were filled by gently dripping water from
the carboy into the vial.
The essential protocol for the laboratory project is
summarized below.
1. The equipment necessary for this project consisted of
borosilicate glass vials, 20 ml each, a syringe for
drawing the water sample, a funnel and flexible tubing,
and a reservoir of radon bearing water.  This reservoir
had a stopcock or other port to allow for connection to
the flexible tubing and syringe.
2. The radium bar was placed in the water inside the 25 1
carboy and the concentration of radon in the water was
allowed to come to a maximum value.  This required 10
to 15 days.  Solutions of different concentrations were
obtained by sampling periodically as the radon
concentration built up.  Ten ml of sample was added to
10 ml of scintillation fluid in the glass vial using
the methods discussed below.
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A total of 12 concentrations was used to evaluate the
applicability for the syringe and non-syringe sampling
methods and to allow for comparison.  The actual
equipment used for sampling is discussed below.  The
radon in water is produced using a 25 1 size carboy
made of polypropylene plastic (see Figure 3) and a
radium bar.  This carboy has a two position threaded
valve for use in drawing samples.  The carboy was
filled to a volume between 18 and 20 liters and the
ceramic coated radium bar was then lowered into the
water.  The radium bar was originally suspended in the
carboy by means of a common grocery store net bag and
later using a wire holder with a plastic container at
the end.  The radon emanated from the bar passes
through the ceramic coating into the water.  After a
pre-selected time elapsed, the sample could then be
drawn from the carboy.
The sample was obtained in two ways.  First, the sample
was collected using the standard method of a funnel and
a syringe.  The funnel was connected to a piece of
flexible tubing.  This tubing was then connected to a
3/4 inch adapter on the valve of the carboy.  The valve
was opened and the water allowed to overflow the edge
of the funnel.  The 10 ml sample was then drawn by




DIAGRAM OF POLYPROPYLENE CARBOY
USED IN LABORATORY PROJECT
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the funnel and carefully drawing the water into the
syringe (see Figure 4).  This sample was then released
into a 20 ml borosilicate glass vial containing 10 ml
of scintillation fluid by injection under the surface
of the fluid (see Figure 5) .  The  other sampling
method used'was to gently introduce approximately 10 ml
water from the spigot into a 20 ml borosilicate glass
vial containing 10 ml of scintillation fluid.  The
vials that were to be mailed were then placed in a
cardboard txibe and mailed from Raleigh to Chapel Hill
in sets of three.  Upon receipt, the samples were later
counted with the non-mailed vials in the Packard
Tri-Carb 300 Liquid Scintillation Counter (Tri-Carb).
At each concentration, samples were drawn in groups of
three as described below:
a) Three samples were drawn using the syringe and
syringe method and set aside.
b) Three samples were drawn by gently introducing
water into the vial and then set aside.
To compare the results of samples mailed with those
that were not, sets of samples duplicating those in "a"








DIAGRAM OF SAMPLE INJECTION
INTO VIAL USING SYRINGE
(Taken from EPA-EERF-78)
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4.   Upon receipt of the mailed samples, the samples that
were set aside in Step 3 were placed in a sample
counting rack with those that were mailed.  The samples
were then counted together.  This allowed comparisons
to be made between the samples with the same and
differing sampling methods.  The results of mailed
samples were compared to non-mailed samples to evaluate
the effect of mailing samples to a central location.
The results of samples collected using a syringe were
compared to results for samples collected directly from
the spigot.  This allowed the evaluation of whether




The results of the analyses of radon in water samples
collected using the syringe and non-syringe methods are
summarized in Table 2.  The sets of replicate samples
numbered 1 through 13, were collected in the laboratory of
the Department of Environmental Sciences and Engineering at
UNC-CH.  Sampling results from replication number 7 were not
usable because samples designated to be non-mailed were
mailed out through an oversight.  Using the remaining
samples, which were collected and processed successfully, it
is possible to compare results from the two methods.  This
was done using the data listed in Table 2.
Bar graphs of the results for the laboratory project samples
are presented in Figures 6 through 9.  In Figure 6, the
results for non-mailed samples collected using the syringe
method are displayed next to those collected without a
syringe.  For most of the sample runs, the samples collected
without a syringe have higher levels of radon.  This same
tendency can be seen in Figure 7 which displays the mailed
samples.  It is interesting to speculate why more radon
might be lost using the syringe method.  The syringe could




Mean Concentration of Radon in Water Measurements
Units = pCi/1
METHOD 1 fW/ SYRINGE 1
1
NON-MAILED MAILED
406 + 74 374 + 105
2 523 + 26 360 + 8
3 434 + 34 341 + 88
4 581 + 18 413 + 133




485 + 54 381 + 149
700 + 34 655 + 35
9 653 + 130 666 + 64
10 468 + 51 612 + 91
11 819 + 84 850 + 46
12 763 + 110 772 + 67
13 623 + 143 728 + 216
METHOD 2 fW/O SYRINGED
NON-MAILED__________MAILED
421 +  68
461 + 417
562 + 116
558 +  37
746 +  58
510 + 228
823 +  26
835 +  55
820 + 132
1030 ±  92
915 +  51
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Also, the syringe collected the sample from a funnel
containing water with radon in it.  The surface area over
which radon could diffuse is larger for a funnel than in a
scintillation vial.  When a sample is collected without a
syringe it could result in lower radon loss if turbulence is
kept low.       "
Figures 8 and 9 display the results for samples collected
using a syringe and without a syringe.  In both figures, the
results for samples which were mailed are compared to those
that were not mailed.  In Figure 8, the samples that were
not mailed appeared to have higher radon concentrations than
those which did not.  This would be logical if mailing is
assumed to agitate the sample more and drive off more radon.
This trend holds only up to run number eight.  The remaining
sample runs had higher radon concentrations in the mailed
samples.  It is not readily apparent what could cause this
difference.  With one exception, all samples were mailed
from the North Hills Post Office.  One set of samples was
taken in by mail carrier.  This could not readily account
for the difference.
For samples collected without a syringe found in Figure 9,
the results for mailed and non-mailed samples appear to be
closer.  Differences in radon concentrations between mailed
and non-mailed samples appear to be much lower compared to
samples collected with a syringe.  Differences observed
28
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GRAPH OF SAMPLE RESULTS
WITH SYRINGE FOR LABORATORY PROJECT
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GRAPH OF SAMPLE RESULTS
WITHOUT SYRINGE FOR LABORATORY PROJECT
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between sample sets will be evaluated rigorously using a
statistical analysis later in this report-  The comparison
between the two sampling methods requires that the
difference between the mean concentrations for each method
be calculated.  The Student's t statistical test may then be
applied to perfotla the comparison.  This was used to compare
the results of the two sampling methods as well as the
results from mailed and non-mailed samples.  To compare
samples having different mailing status and different
sampling methods at the same time would require a different
statistical treatment.  In fact, such a case would require a
complete analysis of variance treatment with interaction
terms.
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The analysis of variance calculation can reduce to the
"paired sample" calculation described above when two
conditions exist.
a) The samples are completely alike except for
treatment status i.e. treated vs. untreated.  In
the case above, being mailed vs. being non-mailed,
and being sampled with a syringe vs. being sampled
without a syringe, were the different treatments.
This is the reason samples having the same mailing
status were used to test the difference between
sampling methods.  Presiimably, the samples in each
replication were alike except for the differences
introduced by the two sampling methods.  It should
be noted that the standard deviations were
significant for a number of the sample runs.
b) Only two treatment states can exist if the
statistical treatment to be used is that of
"paired samples".
This methodology is described in the statistical theory of
paired samples (Snedecor and Cochran, 1937).  There are two
fundamental questions which the statistical treatment of
this experimental data is meant to answer.  First, is there
a statistical difference between the results for samples
32
which have been mailed versus samples which have not been
mailed?  Second, is there a statistical difference between
the results of samples which were collected using a syringe
versus those collected without one?
Each of the data'points listed in the columns found in Table
2 is the arithmetic mean of the concentrations of radon in
water from three samples.  To compare the sampling methods
statistically, a group of these results is subjected to
statistical tests designed to compare the difference between
concentrations of radon in water for mailed and non-mailed
samples collected using two different methods.  There are
several advantages to this approach.  Because there are only
two treatments to be evaluated at any one point in the test
(e.g. mailing or not mailing, syringe or non-syringe), the
statistical analysis of paired samples may be used.
Otherwise, a complex analysis of variance treatment would be
required.  The use of mean concentrations and two treatment
comparisons simplifies the calculations greatly by using a
"paired sample" analysis.
In order to answer the question whether mailing or not
mailing the sample produces different results, samples in
each replication are paired.  First, the null hypothesis,
i.e. that there is no significant difference, is tested.  To
do this, two calculations are done.  In each replication.
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the difference between results for mailed and non-mailed
samples collected in the same way is calculated.  Any
difference in sample treatment by mailing could be expected
to be reflected in the radon concentration at the time of
analysis.  The data points within each replication can thus
be treated as "paired samples."
The results for each sample run found in Table 3 are
subdivided into those of mailed samples collected with a
syringe and those of non-mailed samples collected in the
same way.  For samples in each replication, the difference
in concentration is calculated between these values.  This
is the difference in mean radon concentration, represented
by D.  This difference, D, is calculated by subtracting each
of the twelve listed concentrations of mailed samples from
the non-mailed samples.  The individual difference values
are added and divided by 12 to get the mean of D, that is D.
For this set of samples, the difference between each result
and the value D is found.  This is designated the deviation
d, for that set of samples.  This calculation is repeated
for each of the twelve results.  The value for d for each of
the twelve results is squared and added to the previous
value.  At the end of the 12 replications, all of the
squared deviations are added.  This sum is then divided by
11, which is the statistical degrees of freedom.  The square
root of this result is taken.  This value is the sample
difference standard deviation, usually represented by S.
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The original null hypothesis may now be evaluated using
these quantities.  The mean of the differences D is divided
by the sample standard difference deviation S to provide a
test statistic.  This test statistic is the Student's t used
for testing small sample sets.  This test statistic has a
total of n-1 degtees of freedom, where n is the number of
replications.  At this point, the value of the test
statistic is compared to the tabulated value of the
Student's t function.  The tabulated value has the same
degree of freedom and is established at the .025 probability
level for a two-tailed test.  If the absolute value of the
test statistic calculated using the data points is less than
the value found in the table of the probability function,
then there is not sufficient statistical evidence to reject
the original null hypothesis.
As shown in Table 3, when the results from the mailed and
non-mailed samples collected with a syringe were compared,
the value of the test statistic derived from sample data,
0.339, was less than 2.593, the value from the Student's t
function for 11 degrees of freedom using a two-tailed test
at 0.025 probability level.  Thus, there was not a
statistically discernible difference between mailing and
storing the samples collected using a syringe.
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TABLE 3
Statistical Calculation for Syringe Method
°i ^i V
Run # (differences) (deviations, D^-D)
2
(deviations)
1 31.11 2.12 4.49
2 163.00 129.77 16840.25
3 93.56 60.33 3639.71
4 167.40 134.17 18001.59






9 - 12.34 -  45.57 2076.62
10 - 143.90 - 177.13 31375.03
11 - 30.65 -  63.88 4080.65
12 - 8.83 -  42.06 1769.04
13 ͣ 104.76 - 137.99 19041.24
D = 33.23 Zd^^ = 105721.7
s„=  .^V .V2  ^98.03
D    (^^)
33 23
t     1  = it'nr,   = 0.339  df = 11
sample  98.03
For the two-tailed test, t, = 2.593 and t^,^^,^ = 0.339 and' a s mple
since 0.339 < 2.593, do not reject the hypothesis.
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In order- to detemnine whether or not there Was a
statistically significant difference between mailed samples
and non-mailed samples, it is also necessary to compare
mailed and non-mailed samples collected using the
non-syringe method.  The calculations used to do this are
shown in Table 4".     The test statistic value was less than
2.593, therefore, there is not a statistically significant
difference between mailing or not mailing samples collected
using the non-syringe method.
Regardless of which sampling method was used to collect the
radon in water samples, there was not a statistically
significant difference between the samples that were mailed
and those that were non-mailed.
In order to seek a solution to the second question, i.e.
whether there is a difference between the results for
samples collected with a syringe and without a syringe, a
similar approach was used.  In this case, the data for
mailed samples from each replication were compared as shown
in Table 5.  The results for samples collected using the
syringe method were compared with those collected with a
non-syringe method.  Again, the data were subdivided in this
way to allow analysis with a "paired sample" methodology.
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Statistical Calculation for Non-Syringe Method
D^ ^i ^i^






















-   88.82
31.27
9 18.52
10 -   43.38
11 -   51.15
12 4.14
13 -   43.07
D = 8.33       Z d.^ = 43647.58
S^ =  . "i  .,,^ =   62.99
°    (^^)V2
^^"^^  =0.13  df = 11
sample  62.99
For tha two-tailed test, t^ = 2.593 and since 0.13 < 2.593,a.
do not reject the hypothesis.
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TABLE 5
Statistical Calculation for Mailed Samples
D.                    d^ d/





























D = - 149.5       Zd^^ = 72,208.66
2Srx =  . .^^i y^ =  ,72.208.66?-/^   = 81.02'D- ((-^^)) c^'ir  )
t     .  = =^fH? = -1-85  df = 11sample    81.02
For the two-tailed test, t^ = 2.593 and since the absolute
value of -1.845 < 2.593, do not reject the hypothesis.
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The test statistic from the data was -1.85.  The absolute
value was less than the value obtained 2.593 from the
probability function table.  There was no statistically
significant difference between sampling with a syringe and
without one for these data.
•31-
The data for the non-mailed samples were also evaluated
using this method. The calculations used to do so are shown
in Table 6.  The result for t was -1.044.  Since a
two-tailed test was used, the absolute value of the test
statistic is the quantity of concern.  The absolute value of
this quantity 1.044 was less than the probability function
value of 2.593.  There is no statistical reason to reject
the hypothesis since no statistically significant difference
exists between the two sampling methods.
One of the strengths of the methodology presented here is
that when the data are subdivided, the results are
consistent.  Whether testing mailed or non-mailed samples,
there is no statistical evidence for differences due to
using the syringe or non-syringe method.  Likewise, when
samples collected using the syringe or non-syringe method
were tested, no statistically significant differences were
found between mailing or storing them.
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TART.T! fi
Statistical Calculation for Non-Mailed Samples
D. d. d.^
i XX
Run #   (differences)    (deviations, D^^-D)   (deviations)
2
1 -  15.55             109.05 11891.9025
2 62.18             186.78 34886.7684
3 - 127.65 -   3.05 9.30252
4 22.46             147.06 21626.6436
5 - 147.99 -  23.39 547.0921
6 -  25.23              99.37 9874.3969
8 - 122.63               1.97 3.8809
9 - 181.63 -  57.03 3252.4209
10 - 352.23 - 227.63 51815.4169
11 - 210.35 -  85.75 7353.0625
12 - 151.97 -  27.37 749.1169
13 - 244.68 - 120.08 14419.2064
D = - 124.60       Ed^^ = 156,429.21
s  =    156429.21.1/2   = 119.25
(        2.1 '
-^-^^  = -1.044
sample   119.25
For the two-tailed test, t  = 2.593 and since the absolute
value of - 1.044 < 2.593, do not reject the hypothesis.
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FIELD STUDY METHODS AND RESULTS
A further comparison was made of the sampling methods for
radon in water analyses using a field study.  The owners of
two private water supplies agreed to participate by allowing
their water to be sampled using the two different methods.
Both water supplies were located in the southern part of
Wake County and were supplied by wells.  The first water
supply was located at Rock Dell Mobile Home Park and was
supplied from a well 120 feet deep.  The second water supply
was located at the West Clayton Mobile Village.  The well
for this supply was drilled to a depth of 285 feet and had a
yield of 105 gpm according to the owner.  These water
supplies had both been sampled in the 1986 study conducted
by DRP.
To perform this study each of the owners were contacted and
asked to allow their well to be sampled.  When the supply
owner agreed to be part of the field study, an appointment
was made to sample the well.  The sampling equipment was
prepared as follows.  Twenty four borosilicate glass vials
were each filled with 10 ml of scintillation fluid and
weighed.  A total of 12 vials were used for each location.
Each vial was assigned a unique identifier for the field
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study.  The first character of the identifier was an F to
identify the sample as being part of the field study.  The
next letter identified whether the sample was to be mailed
or non-mailed.  This was done using the letters M (for
mailed) or S (for non-mailed).  Next, the number 1 or number
2 was added to i'ndicate which location was being sampled.
Location 1 was the Rock-Dell Mobile Home Park, while
location 2 was the West Clayton Mobile Village.  One other
numeral was added to the identifier.  This numeral was one
of the integers from 1 through 6.  Vials with the numbers 1,
2 or 3 would be sampled using a syringe.  Those having
numerals 4, 5 or 6 would be sampled without a syringe.
Upon arrival at the sampling site, a standard procedure was
used.  The sampling equipment used was as follows:
A) plastic funnel assembly
B) set of marked sample vials each containing 10 ml
of liquid scintillation fluid
C) standard plastic syringe (Graduated in ml).
The spigot was turned on and allowed to run for about a
minute to purge the line.  Next, the spigot was turned off
briefly while the syringe assembly was connected to the
threads.  The funnel assembly consisted of a large plastic
funnel with a length of 1/2 inch plastic tubing connected
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to the spout.  At the other end of the tubing, a spigot
adapter was attached by a hose clamp.  This allowed one end
of the plastic tubing to be connected to the well spigot.
Water could then flow into the funnel and over the sides.
Sampling for radon in water using this equipment is
described in EPA^ERF-78.
At this point in sampling the well, the spigot was turned on
again and water flowed into the funnel and over the edge.
Flow of the water was then adjusted using the spigot valve
to minimize turbulence.  The sample vials designated for
sampling by syringe were then arranged nearby.  The syringe
was used to slowly withdraw a 10 ml sample from beneath the
surface of the water in the funnel.  This water was then
gently injected beneath the surface of the scintillation
fluid in the appropriate sample vial.  The time of sample
collection was recorded in a logbook.  The sample vial was
then sealed securely.  Before sampling again, at least 10 ml
of distilled water or actual well water was collected and
aspirated out of the syringe.  This was to provide a purge
of the syringe between samples.  This process was repeated
until all six vials were filled, sealed and their sample
times recorded.
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The six sample vials designated to be sampled without a
syringe were arranged nearby.  The spigot was turned off
long enough to remove the funnel assembly and then turned on
again.  The flow rate of water was kept low to minimize
turbulence when the water from the spigot entered the sample
vial.  Also, with only about 10 ml of free volume in the
vial, a low flow made it easier to avoid overflow of the
sample as it was collected.  Each of the sample vials
designated to be sampled without a syringe was opened and
the water from the spigot introduced into the vial.  The
sample vial was then sealed and the sampling time recorded
in a logbook.  Each of the vials was then either transported
to the UNC-CH Radiological Hygiene Laboratory and stored as
a non-mailed sample or mailed as specified in the sampling
protocol.  The samples were mailed to simulate mailing to a
central laboratory.  The results of the mailed samples were
compared to the non-mailed ones to determine if any
difference existed between them due to radon loss during
mailing.
When the mailed samples were received at the UNC-CH
Radiological Hygiene Laboratory (generally after 2 days
using 1st Class Mail), both sets of non-mailed and mailed
samples were shaken for 15 seconds, weighed and counted on
the Tri-Carb.  The Tri-Carb program number 12 was used to
count the samples for radon.  The count region of interest
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was region B.  The settings of the counter are given in
Table 7.  The 24 sample vials from the two sites in the
field study were loaded into the Tri-Carb in racks.  The
order in which the vials were counted is summarized in Table 7
The Tri-Carb waTs    calibrated in two ways.  Periodic
calibration using Tritium (H ) and Carbon-14 (C-14)
standards are carried out by analytical personnel at the
Biochemistry Laboratory in Rosenau Hall at UNC-CH.
Calibration is by use of quench curve for standard
activities.  Calibration for Radon 222 (Rn-222)is carried
out each time samples are counted.  Two standards in 20 ml
vials are included in each set of samples.  The standards
contain 752 and 914 pCi/1 of Rn-222 in equilibrium with the
same activity of Ra-226.  For each standard, the detected
cpm is divided by the activity in pCi/1.  The two results
are averaged to produce a calibration factor in cpm/pCi.
The user can thus determine whether the instrument is within
calibration.  The nominal value of calibration factor was
about 10 cpm/pCi/1.
A total of 12 vials were sampled at each site.  Six vials
were filled with water using a syringe at each of the two
field sites.  Three of these were mailed and three were
non-mailed.  At each site, a total of six vials were sampled
by gently introducing the sample from the spigot directly
into the vial.  Three of these vials were mailed and three
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TABI.E 7
Packard Tri-Carb Settings with Sample Counting Order
Terminators: minutes=50, Radionuclide=manual
% deviation region A=l, % deviation region B=2,
% deviation region C=l
Windows (Regions) : A: LLf=0 Kev UIi=2000 Kev
B: LL=5 Kev UIj=1850 Kev







low cpm reject: A=0,B=0,C=0
Divide factor K=l
Data mode=cpm
1. Background 1 15. Sample FM13
2. Background 2 16. Sample FM14
3. Background 3 17. Sample FM15
4. Background 4 18. Sample FM16
5. Standard 1 19. Sample FS21
(752 pCi Rn-222) 20. Sample FS22
6. Standard 2 21. Sample FS23
(914 pCi Rn-222) 22. Sample FS24
7. Sample FSll 23. Sample FS25
8. Sample FS12 24. Sample FS26
9. Sample FS13 25. Sample FM21
10. Sample FS14 26. Sample FM22
11. Sample FS15 27. Sample FM23
12. Sample FS16 28. Sample FM24
13. Sample FMll 29. Sample FM25
14. Sample FM12 30. Sample FM26
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non-mailed.  The non-mailed vials were kept at the
Radiological Hygiene Lab at Rosenau Hall at about room
temperature.  The non-mailed samples collected in the field
study were cooled using an ice pack until the day of their
transfer to the lab where the vials were to be stored.  The
other samples wete mailed without being placed into the ice
pack.
Samples were collected on May 28 and 29, 1992 and mailed on
May 29, 1992 to UNC-CH.  The samples designated to be
non-mailed samples were transported to UNC-CH and placed in
storage on May 31, 1992.  The samples were counted on June
2, 1992 after the mailed samples had arrived that day.
After the concentration of radon was calculated in each
vial, the average of the results for mailed samples
collected using the syringe and non-syringe method was
calculated.  The same was done for vials sampled using the
syringe and non-syringe method that had been designated as
non-mailed samples.  These means are presented in Table 8.
The order of counting found in Table 7 was used with all
samples in this project.  The first four vials were
background vials and were counted first to allow the short
lived radon decay products in the sample vials to reach
equilibrium after the vials were shaken.  Next were two
standards containing Ra-226 in solution along with Rn-222 in
equilibrium.  This allowed a calibration to be established
48
Results from Radon in Water Field Study







8869 ±  714
17219 + 1361








9777 +  912
21954 + 1059
8349 ±  760







8869 ±  714
17219 + 1361








9526 +  259
18369 + 3175
Without Syringe
8349 +  760
17194 +  561
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for each set of samples.  The six non-mailed samples marked
with an S were counted in ascending numerical order and the
mailed samples designated with an M were counted in
ascending numerical order.  Thus samples collected using a
syringe were counted before those collected without a
syringe whether they were mailed or non-mailed.
The results of the sample count were printed by the Tri-Carb
after the count for each of the 30 vials was completed.  The
printout contained the results in cpm for each of three
count windows A, B and C.  Region B is the region used for
radon and thus the background counts and standard counts
were also taken from Region B.  To find the time between
sample collection and analysis, two calculations must be
done.  First, the total elapsed time from sampling to the
midpoint of the counting interval must be calculated.  This
was rather easily done by writing down the time the rack
containing the samples was introduced into the Tri-Carb.
The count time in minutes for each vial in the rack was
printed along with the results in cpm.  For any given vial,
the total time from sampling to the start of counting was
added to the count time in minutes from all previous vials.
Finally, the total count time of the vial in question was
divided by 2 and the result added to the previous number.
This gives a total elapsed time to counting, T, which
accounts for decay since sampling and for decay over the
count of the sample.
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The concentration of radon in water. A, in pCi/1 was
calculated as follows:
1) The gross count rate in Region B on the data
printout in the background vials was displayed.
This bSckground rate, B, was subtracted from the
average gross count rate of the sample vial, C.
The result is the net count rate, C.
2) The net count rate, C,   was then divided by the
sample volume, V, in ml and the calibration
factor, CF, in cpm/(pCi).
3) To account for decay, the elapsed time to
counting, T, is converted to units of days and
multiplied by 0.18 dy~ , the decay constant for
radon.  The exponential function, e, is raised to
this power and multiplied by the result found in
step 2.  This result is multiplied by 1000 ml/1 to
convert to liters.
The equation to calculate concentrations is shown below:
AfpCi/l) =  rc-B1cpm X (1000 ml/1)        fT X 0 18 dv"^^
Aipci/ij     ^^j^^ ^  (CF)cpm/pCi   ^ ®^P (T X 0.18 dy )
The results from the field study are summarized in Table 8,
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In keeping with the format used earlier in the laboratory
study, the data are siimmarized in the four parts of Table 8.
These data sets are based on sampling methods (syringe vs.
non-syringe) and mailing status (mailed vs. non-mailed).
Thus a data set for samples using the sampling method (for
example, with a Syringe) will contain entries for mailed and
non-mailed samples.  Likewise, samples that have the same
mailing status (whether mailed or non-mailed) are listed in
Table 8 according to the sample method used to collect them.
In each data set in Table 8 there is only one variable,
which can make comparisons easier.  Each data point found in
Table 8 is the mean value of the radon concentration found
in three sample vials.
To compare the effect of different sampling methods and
mailing, the data may be analyzed using statistical methods
appropriate for paired samples.  This statistical analysis
has been discussed in the section of this paper dealing with
the laboratory project.  The calculations comparing the mean
concentrations are found in Table 9.  In Table 9, data from
each of the four data sets found in Table 8 are analyzed.
The statistical analysis carried out for this field data was
the same as that used in the laboratory project.  At the
.025 level of probability with only one degree of freedom,
the value of Student's t is 25.452.  As may be observed from
Table 9, all of the calculated t values are below this level,
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TABLE 9
Statistical Calculations for Field Study Data
d.
Run # 1___
1 8869 -  9526 = - 657    -247
2 17219 - 18369 = -1150     247
D = - 903
s = (2(246.56)^)^/^ = 348.69     t = "3^3[gg = -2.59
The absolute value of t is less than 25.42 and there is no
statistically significant difference.
Samples Collected without Syringe. Mailed vs. Non-Mailed
Run # ^i
1 9777 -  8349 =  1428    1666
2 21954 - 17194 =  4760   -1666
D =  3094
s = (2 (1666.05)^) ͣ' ͣ/^ = 2356.15     t = ^"^^'^g = 1.31
The absolute value of t is less than 25.42 and there is no
statistically significant difference.
Mailed Samples. Syringe vs. Non-Syringe Sampling
Run # ^i
1 8869 -  9777 = - 908   -1914
2 17219 - 21954 = -4735    1914
D = -2821
s = (2(1913.60)2)^/2 = 2706.24     t = "2821.14 ^ _^ ^^
£. /Ud . 4S4








S = ((-0.98)^ + (0.97)^)-'-/^ = 1.38     t = ^^^^^^   =  852.38
The absolute value is greater than 25.42 and a statistical
difference is indicated.
ͣ  8349 = 1177
^i
9526 - -1




with one exception.  The Student's t value for non-mailed
samples (syringe and non-syringe) was 852.38.  This
indicates that there is a statistically significant
difference in this case between mailing and storing the
samples.  In the laboratory project this difference was not
in evidence.
These results from the field test indicate that a
statistically significant difference exists between the two
methods for the non-mailed samples.  There was a difference
in sample handling, however.  The mailed samples were sent
out through the mail almost as soon as they came from the
field.  The non-mailed samples from the field study were
kept chilled overnight with ice packs.  In addition, the
non-mailed samples had to be transported to the laboratory
at UNC-CH and stored at room temperature.  Non-mailed
samples in the lab project were collected and stored in the
same room.  The samples used in the laboratory project were
stored at room temperature rather than chilled.  It may be
that temperature affects the scintillation properties of the
cocktail used in this application.  The fact that the field
study samples had to be transported could have allowed radon
to somehow be lost.  Results from both the laboratory
project and the field study indicate that there is not a
statistically significant difference between the two
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sampling methods when they are used in a mail-in type
program.  The field study performed as part of this project
possesses a limitation in that only two sample runs were
made.  An increase in the number of samples would at least
remove any differences due to small sample size.  Even so,
the utility of a'statewide sampling program carried out by
mailing in radon in water samples is indicated.
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SUMMARY AND CONCKJSION
The data collected by the DRP, the EPA and UNC-CH have
provided a reascftiably detailed characterization of radon
concentrations in water in North Carolina.  There is basic
agreement between these studies that elevated levels of
radon in water exist throughout the State.  They are found
primarily in the Mountain and Piedmont regions with the
Coastal Plain having the lowest levels.  The highest level
was about 55,000 pCi/1.  From the results assembled in this
technical paper, 293 sites out of a total of 468 sites
exceeded the MCL.  Also, among the counties surveyed in this
report, 57 out of 88 counties had an average radon
concentration above the MCL.  While these levels are not
nearly as high as levels found in some portions of the
United States, there are reasons for concern.  First, levels
of radon in water can introduce radon into the air at a
level of approximately 1 pCi/1 in air for each 10,000 pCi/1
concentration in water (EPA, 1987).  Occupants of homes
using such water may be breathing elevated levels of radon
and radon progeny.  Even though the number of such citizens
so exposed may not be extensive at this point, reducing the
dose due to radon from the water pathway will soon assume
more importance.  The EPA has proposed a rule to add a radon
standard to the National Primary Drinking Water Regulations
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for Radionuclides (EPA, 1991).  This rule would establish an
MCL of 300 pCi/1 for radon in water, and will have a
completion date of 1996 for initial compliance testing.
The studies carried out thus far in North Carolina indicate
that a large number of the small groundwater supplies would
not be in compliance with the new irules.  These rules are
scheduled to be adopted by the states by October, 1994.
With these new MCL's in place, high radon in water levels
will no longer be merely a curiosity for environmental
scientists.  High radon in water levels will then become a
compliance issue.
With this in mind, a program to monitor compliance may soon
become necessary.  This program must be able to be implemented
statewide, and must have advantages of low cost to be used.
A program with a low cost for the water supply operator, a
statewide scope and minimal commitment of trained personnel
is needed.  This project has been conducted, in part, in an
attempt to compare the syringe method of sample collection
to a method which would allow the sample to be directly
introduced into the sample vial from the spigot.  The
laboratory portion of this project indicated no statistically
significant difference between the two methods.  There was
no statistically significant difference between mailed and
non-mailed samples as long as the non-mailed samples were
not transported and were at room temperature.
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Although the data points collected during the experimental
portion of this project are limited, there are indications
that non-syringe sampling methods could be used for radon in
water sampling.  This could allow sampling protocols to be
developed which would not require special sampling methods
and equipment unavailable to the general public.  If this is
the case and low cost sampling methods are developed,
testing by well owners could conceivably become as routine
as the soil testing done by farmers.  Monitoring for
compliance with water quality standards would be much easier
using such a sampling protocol.
Both laboratory tests and field tests seem to indicate that
sampling for radon in water by introducing the sample
directly into the vial is a basically equivalent sampling
method to the syringe method.  In addition, mailing does not
appear to introduce statistically significant differences in
sample results as indicated by the laboratory study
described here.  However, though the equivalence of sampling
methods seemed to be demonstrated, there was a statistically
significant difference noted among samples collected by
different methods and stored in the field study.  This
statistical difference was not indicated when samples
collected in the same manner were either mailed or
non-mailed.  The statistical difference occurred for
non-mailed samples having differing methods of collection.
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Samples having differing methods of collection which were
mailed did not display statistically significant differences
in concentration.  This would indicate some difference in
the non-mailed samples may have caused the difference.
There may have been variations in sample handling which
could have produced this effect.  The non-mailed samples in
the field study had to be transported before storage and had
been chilled.  This was not done for the non-mailed samples
in the lab study.  Possibly the transport of the samples
caused sample loss by turbulence in the fluid.  Also, the
small limited nature of the field study may have introduced
differences due only to sampling size.
In light of these facts, two recommendations may be made for
future efforts to characterize radon in water levels in
North Carolina.   First, a wider comparative field study of
differences between these sampling methods should be made.
Statistical considerations would argue that comparisons
using a larger set of field data have advantages.  A field
study could possibly utilize health department personnel or
graduate students.  Next, the operational aspects of a
statewide radon sampling program allowing the supply owner
to collect the sample should continue to be studied.  This
sampling program could well include mailing the samples to a
central laboratory for compliance purposes.  As of yet,
there is not evidence of any differences associated with
mailing the samples.  The wider field study could increase
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understanding of the type of sampling necessary under real
conditions and resolve any questions about the equivalency
of sampling methods.
In summary, the broad picture of radon levels in water in
North Carolina ig known from earlier studies.  Current data
will be needed as new standards for radon in water are
adopted.  The laboratory and limited field studies conducted
for this project indicate a low cost statewide program to
sample radon in water may be possible.  This program could
involve the following elements:
1) The well owner could collect the sample by
introducing the water sample into the sample vial
at the well head.
2) The sample could be mailed to a central laboratory
for processing.  Keeping the sample at room
temperature appears to produce consistent results.
There appears to be a basic equivalency between the syringe
and non-syringe methods, given the totality of data
collected in this study.  However, there was indication of a
possible difference between the methods under certain
conditions of sample handling.  For this reason, a larger
field oriented study to evaluate the methods may be useful.
The work to produce an up-to-date statewide database of
radon in water levels should continue with a goal of putting






RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY COUNTY
LOCATION STUDY pCi/1 COMMENTS
B.E. Jordan School UNC 502.71
Baptist Church of^Alamance UNC 903.55
Eli Whitney VFD UNC 501.22Elon College UNC 335.25Mebane Sample #1 UNC 106.48Mebane Sample #2 UNC 130.06
** COUNTY: Alexander
Hi-Vu Mobile Home Park DRP 2028.50







DRP 2314.34 WadesboroFaulkner MHP
DRP 1842.55 North WadesboroLilesville
DRP 402.09Lylesville








EPA 11.80 Surface Water Supply
Banner Elk























RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY COUNTY
LOCATION STUDY pCi/1 COMMENTS
Windsor EPA 178.60
** COUNTY: Bladen -
















Avery Acres Mobile Home Park
Black Mountain
I-AC Weigh Station



































EPA 17.70 Surface Water Supply
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RESULTS LISTED BY COUNTY





















































DRP 1444.46 Shuford Mills
DRP 7993.41 Hickory
DRP 1253.32 Shuford Mills Hickory
EPA 22.90 Surface Water Supply
DRP 2080.01 Hickory
DRP 1410.85 Hickory




























RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY COUNTY
LOCATION STUDY pCi/1 COMMENTS
Boiling Springs DRP 1181.86
Castlewood MHP DRF 35552.45
Castlewood MHP DRP 55869.68 1986
Eleanor Park (Shelby) DRP 2144.74
Grover DRP 46644.53





Fair Bluff EPA 27.20
Fair Bluff UNC 87.46
Lake Waccamaw EPA 11.70




New Bern EPA 111.60
New Bern EPA 65.10
** COUNTY: Cumberland
Black's MHP DRP 2278.37 Spring Lake
Cooper's Ranch MHP DRP 1918.24 Spring Lake













Glen Haven Subdivision UNC 597.89
Kelly Hill Subdivision UNC 1693.19 Fayettevill
Spring Lake EPA 91.50
Spring Lake EPA 73.60
Stony Point(Fayetteville) UNC 372.24
** COUNTY: Currituck
Grandy EPA 140.80





RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY COUNTY







Chestnut Grove Trailer Park
Pleasant Grove
** COUNTY: Davie













Durham County Schools #1
Durham County Schools #2
Durham County Schools #3
Durham County Schools #4






















UNC 404.70 West bound lane

























UNC 654.67 Well 5






RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY COUNTY
LOCATION STUDY pCi/1 COMMENTS
** COUNTY: Edgecombe
Battleboro








































































DRP 3707.15 Browns Summit
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EPA 15.30 Surface Water SupplEPA 45.10 Surface Water Suppl
DRP 11846.17
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Holly Springs Golf Course
Steve's Trailer Park
Wildcat Cliffs Country Club
EPA      25.60 Surface Water Supply
UNC 228.71
DRP 1410.69














DRP   10691.84 Old Fort
DRP   12564.77 1986
** COUNTY: Mecklenburg
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RESULTS LISTED BY COUNTY
LOCATION STUDY pCi/1      COMMENTS
Berry Hill School UNC 1070.81
Charlotte #1 UNC 3900.95 Providence Ridge #1
Charlotte #2 UNC 596.05 Pinewood
Countryside MHP UNC 1416.14
Harbor House Subdivision UNC 273.10
Hornet's Nest Park UNC 526.57
Independence Senior High UNC 554.27
Long Creek School UNC 1292.39
McDowell Park UNC 11061.18
Newell School UNC 598.99
Ranson Junior High UNC 1097.09
South Mecklenburg High School UNC 267.90








































EPA 67.50 Surface Water Supply
EPA 1444.00
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Camp New Hope #1
Camp New Hope #2
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China Grove Sample #1
Fisherman's Cove MHP





Sandy Ridge Terrace Apts.
Shady Circle Water System
EPA 16.10 Surface Wa
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RESULTS LISTED BY COUNTY
LOCATION STUDY pCi/1 COMMENTS
** COUNTY: Rutherford
Colfax Water System #2 DRP 1268.99 Ellenboro
Lake Lure EFA 10640.00
Lake Lure EPA 10585.00
Lake Lure DRP 3093.07







Laurel Hills EPA 343.40
** COUNTY: Stanly
Cook Water Supply
Cook Water Supply #1
North Stanly MHP
Norwood Beach Water System




Brooks Cove Trailer Park





















DRP 1550.06 New London
DRP 1070.85 Norwood
DRP 640.30









DRP 2247.40 Mt. Airy
UNC 2171.98
UNC 1273.21




DRP 1754.47 Mt. Airy
DRP 2863.75 Mt. Airy
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RESULTS LISTED BY COUNTY
LOCATION STUDY pCi/1 COMMENTS
The Farm Community UNC 1515.48
Town and Country Woods Subd. UNC 1793.15
** COUNTY: Transylvania
Parkers Trailer Park DRP 2502.40 Brevard











Brookhaven Subdivision DRP 1406.40 Raleigh
Camelot Homes DRP 6145.97 Knightdale
Camelot Subdivision UNC 5337.42
Gary EPA 4085.50
Cary DRP 994.91 Cary
Country Squire MHP DRP 3437.53 Zebulon
Davistown MHP DRP 6860.97 Garner
Edgemont Mobile Park DRP 7999.65 Wendell
Fuquay EPA 235.80 Surface Water Supply
Gaylee Village DRP 8569.72 1986
Gaylee Village Water Supply DRP 8585.59 Wendell
Green Pines Subdivision UNC 18807.95 Well 3
Green Pines Subdivision UNC 20237.71 Well 8
Green Pines Subdivision DRP 3485.65 Knightdale
House's MHP DRP 2772.06 Raleigh
Lakewood Estates UNC 986.26
Little River MHP DRP 9264.05 Zebulon
Little River MHP DRP 8213.13 1986
Martindale Subdivision UNC 593.82
Middleton MHP DRP 6880.14 Garner
Neuse Woods Subdivision DRP 8914.65 Raleigh
Richland MHP DRP 9292.45 Knightdale
Ridge Haven Water Supply DRP 5269.67 Knightdale
Rock Dell MHP DRP 14203.62 Garner
Rock Dell MHP DRP 9562.05 Garner (1986)
Rolesville EPA 7454.00
Sanders MHP DRP 5483.06 Garner
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DRP 1693.38 Wake Forest







































DRP      23.72
EPA       0.00 Surface Water Supply
DRP    2171.96 Boone












DRP    1808.21







EPA    2021.00
EPA     312.10
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APPENDIX 1
RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY COUNTY
LOCATION STUDY    pCi/1      COMMENTS
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RESULTS LISTED BY STUDY
COUNTY LOCATION pCl/1 COMMENTS
** STUDY: DRP
Alexander Lakeside Mutual Water Supply 1668.34
Alexander Taylorsville 1372.22
Alexander Hi-Vu Mobile Home Park 2028.50
Allegheny Sparta 1341.35
Anson Faulkner MHP 2314.34 Wadesboro
Anson Faulkner MHP 1842.55 North Wadesboro
Anson Lilesville 402.09
Ashe Jefferson 62.71
Ashe Fleetwood Falls 1560.41 Fleetwood
Avery Cranberry Water Association 3085.94 Cranberry
Avery Banner Elk 2924.12
Avery Crossnore 1617.33
Avery Elk Park 997.49
Bertie Aulander 140.69
Bertie Powellsville 138.93
Buncombe Avery Acres Mobile Home Park 1347.98




Catawba Hidden Valley Subdivision 7993.41 Hickory
Catawba Starnes MHP 2489.02 Hickory
Catawba Catawba Water Supply 2304.99 Hickory
Catawba Monte Vista Subdivision 2080.01 Hickory
Catawba Rolling Hills Subdivision 1918.51 Hickory
Catawba Hickory Spinners 1444.46 Shuford Mills
Catawba Pinebrook Park Subdivision 1410.85 Hickory
Catawba Highland Division 1253.32 Shuford Mills,
Hickory
Catawba Quaker Meadows 414.98 Shuford Mills,
Hickory
Catawba Washington Forest Subdivision 1649.66 Hickory
Catawba Rodger Adkins Water Supply 1724.58 Hickory
Cherokee Smithmont Mobile Home Park 1211.17 Murphy
Cherokee Andrews Patton Homesites 1510.50 Andrews
Clay Haynesville 3342.12
Cleveland Grover 46644.53
Cleveland Castlewood MHP 35552.45
Cleveland Eleanor Park (Shelby) 2144.74
Cleveland Boiling Springs 1181.86
Cleveland Grover PWS Well #4 48797.06 1986
Cleveland Castlewood MHP 55869.68 1986
Cumberland Black's MHP 2278.37 Spring Lake
Cumberland Cooper's Ranch MHP 1918.24 Spring Lake
Currituck Grandy Primary School 132.56
Davidson Pleasant Grove 2121.82 Thomasville
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RESULTS LISTED BY STUDY
COUNTY LOCATION pCi/1 COMMENTS
Davie Dogwood Springs Mobile Home Pk 1196.39 Advance
Durham Glen Forest Subdivision 4315.21 Durham
Durham Green-Village MHP 2310.71 Durham
Edgecombe Winstead MHP 12676.59
Edgecombe Battleboro 4558.35
Forsyth Pine Knolls Subdivision 448.23
Forsyth Walkerton Sanitary District 248.38
Franklin Bunn City PWS 23243.42 1986
Franklin Bunn City PWS 13437.45
Graham Santeetlah Shores 2335.13 Robbinsville
Guilford Walker Estates 6819.50 Browns Svimrait
Guilford Roberts MHP 3707.15 Browns Summit
Guilford Circle M Trailer Park 2637.80 Summerfield
Guilford Smith's Trailer Court 2220.21 High Point
Guilford Stokesdale Mobile Home Park 842.07 Stokesdale
Halifax Littleton 2627.30
Hajwood 1-40 Rest Area 11846.17
Haywood 1-40 Rest Stop 6295.81 Near exit 15 (1986)
Henderson Red Gate Cottages 8597.46 Hendersonville
Henderson Berna Knoll Mobile Park 8143.82 Henderson
Henderson Etowah Water Association 7510.40 Etowah
Hoke Green Pines Mobile Park 2727.33 Raeford
Iredell Troutman 5830.41 Troutman
Iredell Suburban Acres 1499.11 Statesville
Iredell Green Acres 1359.00 Statesville
Iredell Duke Power State Park 1304.39
Johnston West Clayton MHP 11995.15
Johnston Selma Water Works 1598.03




Macon Wildcat Cliffs Country Club 1121.71
Macon Steve's Trailer Park 1410.69
McDowell McEntire Trailer Park 10691.84 Old Fort
McDowell McEntire Trailer Park 12564.77 1986
Mitchell Bakersville 1629.45
Nash Cobb's Mobile Home Park 3880.16 Rocky Mount
Nash Whitakers 2508.18 Whitakers
Nash Bailey 1536.34 Bailey
Nash Spring Hope 1180.53 Spring Hope
Nash Winstead Mobile Terrace 629.54 1986
Northampton Gaston 1151.00
Orange Colonial Hills Park 3116.23 Hillsborough
Robeson Rowland 95.55
Robeson Fairmont 76.86
Rockingham Mirror Lake MHP 6606.47 Reidsville





RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY STUDY
COUNTY LOCATION pCi/1 COMMENTS
Rockingham Country Hill MHP 4061.34 Reidsville
Rockingham Mobile Estates Trailer Park 3881.24 Stokesdale
Rockingham Troxler MHP 3726.15 Reidsville
Rockingham Hall Trailer Park 1766.78 Madison
Rockingham Loftis MHP 1454.72 Reidsville
Rockingham Dogwood MHP 1228.70 Reidsville
Rockingham Stoneville 1040.81 Stoneville
Rowan Kimberley Court MHP 4158.06 Salisbury
Rowan Fisherman's Cove MHP 2391.78 Gold Hill
Rowan Sandy Ridge Terrace Apts. 1645.25 Salisbury
Rowan Shady Circle Water System 1252.23 Salisbury
Rowan Rockwell 863.15
Rowan Gold Hill Mobile Home Court 36.44
Rutherford Lake Lure 3093.07
Rutherford Colfax Water System #2 1268.99 Ellenboro
Rutherford Nesbitt Water Supply #2 1194.80
Stanly Cook Water Supply 1691.66 Norwood
Stanly Oakboro 1643.80
Stanly North Stanly MHP 1550.06 New London
Stanly Norwood Beach Water System 1070.85 Norwood
Stanly Norwood Beach Water System #2 640.30
Stanly Cook Water Supply #1 45.76
Stokes South Stokes Trailer Park 2492.01 Stokesdale
Stokes Brooks Cove Trailer Park 2297.85 Stokesdale
Stokes Walnut Cove 1241.29
Stokes United Elastic Company 3025.49 Westfield
Surry Mitchell Bluff Estates 3104.74 Elkin
Surry Pleasant Acres MHP 2863.75 Mt. Airy
Surry McBride Heights Subdivision 2584.19 Mt. Airy
Surry Gynwood MHP 2247.40 Mt. Airy
Surry Pine Lakes Subdivision 1754.47 Mt. Airy
Surry Snow Hill Subdivision 1730.81 Dobson
Surry Reeves Wood Subdivision 1720.87 Mt. Airy
Surry Pilot Mountain State Park 303.22
Transylvania Pisgah MHP 14252.58 Brevard
Transylvania Parkers Trailer Park 2502.40 Brevard
Union Independence Village MHP 1755.37 Charlotte
Union Waxhaw 344.85
Vance Kittrell 8104.76
Wake Rock Dell MHP 14203.62 Garner
Wake Richland MHP 9292.45 Knightdale
Wake Little River MHP 9264.05 Zebulon
Wake Neuse Woods Subdivision 8914.65 Raleigh
Wake Gaylee Village Water Supply 8585.59 Wendell
Wake Edgemont Mobile Park 7999.65 Wendell
Wake Middleton MHP 6880.14 Garner
Wake Davistown MHP 6860.97 Garner
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RESULTS LISTED BY STUDY
COUNTY LOCATION pCi/1 COMMENTS
Wake Camelot Homes 6145.97 Knightdale
Wake Sanders MHP 5483.06 Garner
Wake Ridge'Haven Water Supply 5269.67 Knightdale
Wake Green Pines Subdivision 3485.65 Knightdale
Wake Country Squire MHP 3437.53 Zebulon
Wake House's MHP 2772.06 Raleigh
Wake Wellington MHP 1693.38 Wake Forest
Wake Brookhaven Subdivision 1406.40 Raleigh
Wake Cary 994.91 Cary
Wake Rock Dell MHP 9562.05 Garner (1986)
Wake Gaylee Village 8569.72 1986
Wake Little River MHP 8213.13 1986
Wake Wellington Mobile Home Park 911.07 Wake Forest
Warren Greenwood Village 26930.75
Warren Norlina 4879.90
Warren Dunston Home 19713.55 1986
Washington Plymouth 23.72
Watauga Burma MHP 2171.96 Boone
Watauga Ski Mountain Water Supply 1716.33 Blowing Rock
Wayne Pikeville 2559.57
Wayne Southern Wayne Trailer Park #1 358.33
Wilkes Broadway Water Association 1808.21
Wilson Lucama 3434.45
Wilson Black Creek 2456.99
Yadkin Yadkinville 769.35
** STUDY: EPA
Alexander Taylorsville 9.90 Surface Water Supply
Allegheny Sparta 1471.50
Anson Lylesville 10.10 Surface Water Supply
Ashe West Jefferson 645.20
Avery Linville 1887.00
Avery Roseboro 0.00
Avery Banner Elk 11.80 Surface Water Supply












Brunswick Ocean Isle 59.70
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Forsyth Rural Hall 290.20
Franklin Bunn 10510.00
Franklin Youngsville 2637.50
Franklin Louisburg 77.40 Surface Water Supply
Gaston McAdenville 72.20
Gaston McAdenville 31.60
Gaston Spencer Mountain 34.20
Gaston High Shoals 21.30
Greene Farmville 301.30
Greene Farmville 203.80
Greene Snow Hill 112.10
Halifax Littleton 1401.00
Halifax Scotland Neck 157.10
Halifax Hobgood 136.00
Halifax Scotland Neck 157.10
Harnett Coats 45.10 Surface Water Supply












Johnston Four Oaks 163.60
Johnston Benson 131.50




Lenoir Pink Hill 65.30
Lenoir La Grange 51.70
Lenoir Deep Run 42.80
Lenoir Kinston 34.40
Lenoir La Grange 4.30
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Rowan China Grove 528.20
Rutherford Lake Lure 10640.00
Rutherford Lake Lure 10585.00
Sampson Clinton 58.00
Sampson Roseboro 0.00
Scotland Laurel Hills 343.40





Wake Fuquay 235.80 Surface Water Supply
Warren Norlina 146.80 Surface Water Supply
Watauga Boone 0.00 Surface Water Supply
Wayne Pikeville 2821.00
Wayne Goldsboro 152.70
Wayne Mount Olive 120.30
Wayne Goldsboro 117.50
Wa3me Mount Olive 114.60
Wayne Fremont 45.50
Wayne Goldsboro 11.80
Wilkes Wilkesboro 84.00 Surface Water SupplyWilson Sims 1254.00
Wilson Lucama 493.40
Wilson Elm City 125.20
Wilson Stantonsburg 93.50
Yadkin Booneville 2021.00
Yadkin East Bend 312.10
** STUDY: UNC
Alamance Mebane Sample #1 106.48
Alamance Mebane Sample #2 130.06
Alamance Eli Whitney VFD 501.22
Alamance B.E. Jordan School 502.71
Alamance Baptist Church of Alamance 903.55
Alamance Elon College 335.25
Bladen Dublin 215.67
Bladen Elizabethtown 103.91
Bladen Bladen Lakes Elementary School 105.75
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RESULTS LISTED BY STUDY
COUNTY LOCATION pCi/I COMMENTS
Buncombe 1-40 Weigh Station 2089.80
Buncombe Black Mountain 3031.63
Buncombe Ridgecrest Baptist Conf. Ctr. 3252.61
Cabarrus Days Inn (Concord) 828.20
Carteret Morehead City 213.79
Carteret Morehead City 190.38
Chatham Chatham County #1 202.60
Chatham Chatham County #2 218.10
Chatham Chatham County #3 658.52
Chatham Chatham County #4 821.20
Chatham Chatham County #5 482.30
Chatham Chatham County #6 791.47
Chatham Jordan Lake #1 2566.93
Chatham Jordan I.ake #2 3891.90
Chatham Jordan Lake #3 2154.25
Cleveland Lawndale 2133.55
Columbus Chadboum 105.54
Columbus Fair Bluff 87.46
Cumberland Glen Haven Subdivision 597.89
Cumberland Stony Point(Fayetteville) 372.24
Cumberland Kelly Hill Subdivision 1693.19 Fayetteville
Cumberland Devonwood West(Fayetteville) 656.01
Davie 1-40 Rest Area 404.70 West bound lane
Davie 1-40 Rest Area 180.61 East bound lane
Davie Sheffield Park School 1252.45
Duplin Faison 84.61
Duplin Wallace 89.18
Durham Falls Lake #1 2937.70
Durham Falls Lake #2 2520.70
Durham Falls Lake #3 735.60
Durham Falls Lake #4 103.90
Durham Falls Lake #5 149.70
Durham Falls Lake #6 120.10
Durham Falls Lake #7 100.30
Durham Falls Take #8 67.20
Durham Falls Lake #9 92.20
Durham Durham County Schools #1 1096.06
Durham Durham County Schools #2 952.26
Durham Durham County Schools #3 543.99
Durham Durham County Schools #4 682.05
Durham Durham County Schools #5 145.43
Durham Graymoss Subdivision 654.67 Well 5
Durham Graymoss Subdivision 610.79 Well 3
Durham Fitzford Estates Subdivision 677.09
Forsyth Bethel Forest Subdivision 1306.40
Forsyth Pine Knolls Subdivision 7836.49
Forsyth Applegate Subdivision 2402.24
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RESULTS LISTED BY STUDY
COUNTY LOCATION pCi/1      COMMENTS
Forsyth Walkertown Well #3 3376.47
Franklin Bunn 25602.09
Guilford Countryside MHP 134.16
Guilford Monticello Estates 1059.32
Guilford Jamestown 99.43
Iredell Troutman 3423.77 Sample 1
Iredell Troutman 1961.87
Iredell Chipley Park Subdivision 310.18
Jackson Jackson County Water Supply 1636.33
Johnston Selma 1609.39
Lenoir La Grange 126.25
Macon Holly Springs Golf Course 228.71
Mecklenburg Charlotte #1 3900.95 Providence Ridge #1
Mecklenburg Charlotte #2 596.05 Pinewood
Mecklenburg Newell School 598.99
Mecklenburg Independence Senior High 554.27
Mecklenburg Bain School 3406.09
Mecklenburg South Mecklenburg High School 267.90
Mecklenburg Berry Hill School 1070.81
Mecklenburg Long Creek School 1292.39
Mecklenburg Statesville Road School 574.48
Mecklenburg Ranson Junior High 1097.09
Mecklenburg Countryside MHP 1416.14
Mecklenburg Hornet's Nest Park 526.57
Mecklenburg McDowell Park 11061.18
Mecklenburg Harbor House Subdivision 273.10
Nash Nashville 1997.84
Orange Camp New Hope #1 1079.30
Orange Camp New Hope #2 1132.60
Orange Camp New Hope #3 1055.80
Orange Stone Ridge 553.82
Orange Robinswood Subdivision 1535.78
Orange Foxboro Subdivision 356.03
Orange Lockridge Community Subd. 115.57
Pitt Eastern River Corp. 151.51
Randolph Liberty 289.45
Randolph Archdale 20.37
Randolph Twin Oaks MHP 73.09
Robeson Fairmont 89.26
Rockingham Leisure Land 18585.88 Ruffin
Rockingham Stoneville 1396.24
Rowan Rockwell Sample #1 847.03
Rowan China Grove Sample #1 1396.18
Sampson Salemburg 62.39
Sampson Harrells 92.19
Surry 1-77 Welcome Center 2171.98
Surry Town and Country Woods Subd. 1793.15






RADON IN WATER IN NORTH CAROLINA
RESULTS LISTED BY STUDY
COUNTY LOCATION pCi/1 COMMENTS
Surry Inglewood Subdivision 1273.21
Surry Snow Hill Subdivision 1570.20
Surry Colonial Woods Subdivision 3295.36
Surry The Farm Connnunity 1515.48
Surry Green Heights Subdivision 1107.62
Surry Cross Creek Subdivision 2109.99
Vance Kittrell 5489.86
Wake Lakewood Estates 986.26
Wake Camelot Subdivision 5337.42
Wake Green Pines Subdivision 18807.95 Well 3
Wake Green Pines Subdivision 20237.71 Well 8
Wake Martindale Subdivision 593.82




Wayne Grantham Elem. School 53.53 Grantham
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